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(54) Method for manufacture of cephalosporins and intermediates thereof 

(57) This invention relates to reactive derivatives of 2-(2-aminothia2oM-yl)-(Z)-2-methoxyimlno acetic acid 1H- 
telrazol-1 -acetic acid and 2-(2.aminothiazol-4-yl)-(Z)-2-[(1 -tertbutoxycarbonyl-1 -methylethoxy)iminolacetic acid of the 



following general formula I. 
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-~-:ir,. -esent invention further relates to a process for the production of said reactive derivatives of general formula I 
as well as to a process for the manufacture of cephalosporin antibiotics using said reactive derivatives of general 
formula I. 
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Description 



This invention relates to reactive derivatives of 2-(2-aminothia2ol-4-yl)-(Z)-2-methoxyimino acetic acid; 1 H-tetrazol- 
1 -acetic acid and 2-(2-amlnothiazol-4-yl)-(Z)-2-[(1 -tertbutoxycarbonyl-1 -methylethoxy)iminolacetic acid of the follow- 
ing general formula I. 
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The present invention further relates to a process for the production of said reactive derivatives of general fomiula 
I as well as to a process for the manufacture of cephalosporin antibiotics using said reactive derivatives of general 
formula I. 

It is known in the art to synthesize different cephalosporin antibiotics for instance compounds of formula II such 
as cefotaxime(lla), ceftriaxone(llb), cefazolin(llc) and ceftazidime(lld). which generally comprise amidification of 7-po- 
sition of appropriate cephalosporin nucleus with or without substitution at 3a-position. with the desired addendums. 
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wherein = H, carboxylic protecting group for compounds Ha. lib, lie and lid 
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Usually, the synthesis by such known process of various cephalosporin antibiotics comprises acylation of 7-ami- 
nocephalosporanic acid (7-ACA) or 7-amino desacetoxycephalosporanic acid (7-ADCA) derivatives with a reactive 
^5 derivative such as an acid chloride, an acid anhydride, an activated ester etc.. of the addendum acid tor instance of 
formulae III, IV and V 
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The above can be described schematically as follows: 
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A number of methods utilising this concept has been reported for the f unctionalisation of position 7 of the desired 
45 cephalosporin nucleus and these are summarised below. 

USP 4 152 432 describes acylation of 7-ACA with an acid chloride of formula VI in which the amino group in the 
thiazole ring is protected. The amino group is subsequently protected generally by or hydrogenolysis. 
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VI 

^5 wherein R4 = H or amino protecting group. 

Because of the inherent inefficiency of amidification of the T-amino group of cephalosporin nucleus and also of 
the steps involved in protection and deprotectlon of amino group of the thiazolyl ring and steps of purification of the 
final product, the overall yields are low and far from satisfactory. 

Similar chemistry is employed in the preparation of ceftazidime (lid), a broad-spectrum cephalosporin antibiotic 
described in USP 4 258 041 and ceftazidime in its most stable pentahydrate form is described in USP 4 329 453. 

Thus, USP 4 258 041 describes a process for the pVeparation of ceftazidime (lid) which comprises N-acylation of 
(6R. 7R).7-amino-3-(1-pyridiniummethyl)-3-cephem-4-carboxylic acid(VII) with 2-(2-tritylamino-thiazol-4-yl)-(Z)-2-[ 
(1-tertbutoxycarbonyl-1.methylethoxy)imino]acetyl chloride(VIII) In a mixture of N.N-dimethylacetamide (DMAC) and 
acetonitnle to provide the ceftazidime intermediate i.e. {6R, 7R).7-[(Z)-2-(2-tritylaminothiazol-4-yl)-2-[(1-tertbutoxy car- 
bonyl-1 -methylethoxy)imino]acetamido]-3-(1 -pyridiniummethyl)-3-cephem-4-carboxylic acid(IX) which was purified by 
crystallization as a DMF solvate followed by deprotection with formic acid to yield ceftazidime (lid). The process is 
schematically illustrated as follows 
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The same disadvantages as discussed above were suffered during this process. 

EP 113 568 describes a method for the of ceftazidime(lld) which is an improvement over the above method. The 
basic chemistry utilised in this process is same as above, however, the intermediate Is directly crystallized out from 
the reaction mixture as a DM AC solvate. 

EP 377 987 disclosed a method similar to above two methods involving protection and deprotection of the amino 
group of the thiazolyl ring. The only difference is the use of mixed anhydride of 2-(2-tritylaminothiazol-4-yl)-2-[(1-t- 
butoxycarbonyl-1-methylethoxy)imino]acetic acid with an alkyi or aryl sulfonic acid or a phosphoric acid. 

Other patents which utilise similar chemistry are JP 52-102096; JP 54-157596 and GB 2 025 933 . which involve 
formation of 2-(2-aminothiazol-4-yl)-2-oxyimino acetyl chloride either with PCI3, PCIg, SOCIg or POCI3. 

Needless to say that the protection and deprotection of the amino group of the thiazolyl ring are involved in such 
conventional synthesis techniques for cephalosporin antibiotics. 

Besides, protection and deprotection of the amino function, the acid chloride eg. 2-{2-aminothiazol-4-yl)-2-meth- 
oxyimino acetyl chloride, 1 H-tetrazol-l -acetyl chloride and 2-(2-tritylamino-thiazol-4-yl)-2-[(1 -tertbuloxy carbonyl- 
1 -methyl ethoxy)imino] acetyl chloride are unstable creating further complication for the synthesis of the desired ce- 
phalosporin antibiotics. 

USP 3 954 745 utilises the same concept i.e. formation of 1H-tetrazol-1 -acetyl chloride in dimethyl acetamide and 
coupling the said acid chloride with DMF-solvate of the hydrochloride of 7-aminocephalosporanic acid derivative of the 
following formula X as shown below to yield cefazolin (Ic). 
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However, yields are low. Also, the acylating agent, 1 H-tetrazoM -acetyl chloride because of its inherent instability, 
is difficult to isolate and store at room temperature. Another limitation of this process is that acylation is to be carried 
out in strictly anhydrous conditions. 

USP 5 317 099 describes a process for the synthesis of p-lactam derivatives such as cefotaxime, ceftriaxone in 
which silylated 7-ACA is acylated with acyloxy phosphonium chloride derivative of 2-(2-aminothiazol-4-yl)-2-(Z)-meth- 
oxyimino acetic acid which In turn is prepared from triphenyl phosphine(TPP), hexachforoethane or carbon tetrachloride 
and 2-(2-aminothiazol-4-yl)-(Z)-2-methoxyimino acetic acid. 

Since, triphenyl phosphine (TPP) is used as a reactant. the overall cost of coupling the addendum III to the ce- 
phalosporin nucleus becomes high. 

EP 037 380 describing a process for the synthesis of cefotaxime and ceftriaxone, and EP 282 531 describing a 
process for the synthesis of ceftazidime, utilise the chemistry involving acylation of 7-ACA derivatives with an interme- 
diate of formula XI. 




However, the synthesis of an appropriate oxyimino a^elic acid S-benzothiazolyl ester of formula XI e.g 2-(2-ami- 
nothia2ol-4-yl)-(2)-2-(methoxyimino)thloacetic acid S-benzoThTazolyl Gster(MAEM)(Xla) and 2-(2-aminothia2ol-4-y^)-2- 
(Z)-[1 -tertbutoxy carbonyl-1-methylethoxy)imino]thioacetic acid S-benzothiazolyl ester (TAEM)(Xlb) involves reaction 
of the corresponding oxyimino acetic acid with bis(benzothiazol-2-yl)disulfide and triphenyl phosphine (TPP). 

WO 85/4659 utilises similar chemistry as above i.e. TAEM(Xlb) is used as the reactive derivative which is coupled 
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wrth 7-amlno-3-(1-pyridiniummethyl)-3-cephern-4-carboxylate(VII). However, In this process ceftazidime tert butyl ester 
of formula XII is obtained only in amorphous form which is difficult to isolate. 
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75 
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Inspite of elagance of the chemistry employed, the use of costly reagent like triphenyl phosphine renders these 
processes very costly. Moreover, an additional step is required to remove the by-products resulted from the processes. 

USP 5 037 988 describes a process for the production of cephalosporins in particular cefotaxime and ceftriaxone 
but not that of ceftazidime, in which an activated form of an organic acid i.e. 2-(2-aminothiazol-4-yl)-2-oxyimino acetyl 
sulfite dialkylformiminium halide hydrohalide of following formula (XIII); 



N ^ 




xm XIV 

40 

is coupled with a 7-aminocephalosporanic acid derivative. The compound of formula XIII was prepared by reacting 2- 
(2-aminothia20l-4-yl)-2-oxyimino acetic acid with dimethyl formiminium chloride chlorosulfite of formula XIV which in 
turn was prepared by reacting approximately equimolar quantities of thionyl chloride and dimethylformamide at room 
temperature in specific solvents only like benzene or toluene, and hence a limitation. 

45 However, poor results have been obtained when an attempt was made to prepare the compound of formula XIV 

in solvents such as chloroform and dichloromethane. In these solvents the compound XtV did not separate out in its 
characteristic form of insoluble oil, as the polarity of these solvents does not allow the formation of this reactant. 

DE 2 921 316 describes a process for the manufacture of ceftazidime (lid) wherein (6R, 7R)-3-acetoxy-methyI- 
7-amino-3-cephem-4-carboxylate is reacted with an appropriate N-protected thiazole acetic acid in the presence of 

50 dicyclohexyf carbodiimide in dimethylformamide to give an intermediate which was deblocked with trifluoroacetic acid 
followed by treatment with pyridine and sodium iodide to give ceftazidime sodium salt. 

Thus this process also involves the protection and deprotection of the amino group of the thiazolyl ring of the 
conventional processes, resulting in lowering of the overall yield of the final product. 

Moreover, the process also involves the use of dicyclohexyl carbodiimide as a condensing agent which is toxic in 

55 nature. ' — r_> 

Thus, it is evident that the procedures described in the prior art for the preparation of 7-acylamino cephalosporanic 
acid derivatives are either complex involving protection or deprotection or costly or have other limitations. 

It is thus an object of the present invention to provide reactive derivatives of general formula I which would be 
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wrth 7-amino-3-(1-pyridiniummethyl)-3-cephenn-4-carboxylate(VII). However, in this process cettazidime ten butyl ester 
of formula XII is obtained only in amorphous form which is difficult to isolate. 

H2N 

X 

C-CONH 1 — 1^"^ 

^O-9-C00C(CH3)3 

xn 



Inspite of elagance of the chemistry employed, the use of costly reagent like triphenyl phosphine renders these 
20 processes very costly. Moreover, an additional step is required to remove the by-products resulted from the processes. 

USP 5 037 988 describes a process for the production of cephalosporins in particular cefotaxime and ceftriaxone 
but not that of ceftazidime, in which an activated form of an organic acid i.e. 2-(2-aminothlazol-4-yl)-2-oxyimino acetyl 
sulfite dialkylformiminium halide hydrohalide of following formula (XIII); 



xm XIV 



is coupled with a 7-aminocephalosporanic acid derivative. The compound of formula XIII was prepared by reacting 2- 
(2-aminothiazol-4-yl)-2-oxyimino acetic acid with dimethyl formiminium chloride chlorosulfite of formula XIV which in 
turn was prepared by reacting approximately equimolar quantities of thionyl chloride and dimethylformamide at room 
temperature in specific solvents only like benzene or toluene, and hence a limitation. 

45 However, poor results have been obtained when an attempt was made to prepare the compound of formula XIV 

in solvents such as chloroform and dichloromethane. In these solvents the compound XIV did not separate out in its 
characteristic form of insoluble oil. as the polarity of these solvents does not allow the formation of this reactant. 

DE 2 921 315 describes a process for the manufacture of ceftazidime (lid) wherein (6R, 7R)-3-aceloxy-methyl- 
7-amino-3-cephem-4-carboxylate is reacted with an appropriate N-protected Ihiazole acetic acid in the presence of 

50 dicyclohexyl carbodiimide in dimethylformamide to give an intermediate which was deblocked with trifluoroacetic acid 
followed by treatment with pyridine and sodium iodide to give ceftazidime sodium salt. 

Thus this process also involves the protection and deprotection of the imino group of the thiazolyl ring of the 
conventional processes, resulting in lowering of the overall yield of the final p oduct. 

Moreover, the process also involves the use of dicyctohexyl carbodiimide as a condensing agent which is toxic in 

ss nature. 

Thus, it is evident that the procedures described in the prior art for the preparation of 7-acylamino cephalosporanic 
acid derivatives are either complex involving protection or deprotection or costly or have other limitations. 

It is thus an object of the present invention to provide reactive derivatives of general formula I which would be 
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the above reactive derivative of formula I is a reactive derivative of 2-(2-aminothia2ol-4-yl)-2-methoxyimino acetic acid 
of formula la, 
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Further, in the instance in formula I, 

30 



R3= Jf^!>«HH 



35 

the above reactive derivative of formula I is a reactive derivative of 1 H-tetrazoH -acetic acid of formula 1 b, 



fl ^CH3 



45 

lb 



Further, in the instance, in formula I, 

so 
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the above reactive derivative of formula I is a reactive derivative of 2-(2-aminothiazol-4-yl)-2-methoxyimino acetic acid 
of formula la, 



IS 



20 



OCH3 

la 

Further, in the instance in formula t, 

30 



R3= I >^H24 



3S 

the above reactive derivative of formula I is a reactive derivative of 1H-tetrazol-1 -acetic acid of formula lb. 



N ^ 6 \CH3 



45 

lb 



Further, in the instance, in formula I, 

so 
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,s **^^atove reactive derwative of formula I isa reactive derivative of 2-(2-aminothiazol-4-yl)-(Z)-2-[(1 -tertbutoxycarbonyl- 



1 -methylethoxy)innino)] acetic add of formula Ic. 
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In accordance with the present invention the reactive derivative of 2-(2-aminothrazol-4-yl)-(2)-2-methoxylmlnoace- 
tic acid of formula la is obtained by activating 2-(2-aminothiazol-4-yl)-2-methoxyimino acetic acid (III) with N,N-dimeth- 
ylformiminium chloride chlorosuifate (DFCCS) (XV) in a solvent such as herein described at a temperature ranging 
from -30*C to -15"C to yield reactive form la. 



1^3 ci« 



^0CH3 



so 



ss 



During the above process of manufacture of the reactive derivative of formula la and in particular during the said 
activation of 2-(2-aminothia2o!-4-yl) (Z)-2methoxyimino acetic a-^id (III), the molar ratio of said DFCCS (XV) with respect 
to the said thiazolyl acetic acid (III) is 1 . 1 to 1 .2 preferably 1.17 

Similarly, the reactive derivative of formula lb is obtained by activating 1 H-tetrazol-l -acetic acid(IV) with DFCCS 
(XV) in a solvent as herein desribed at a temperature ranging from -30°C to -IS^'C preferably at about -20°C to yield 
reactive form lb. 
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During the activation of 1 H-tetrazol-1 -acetic acid (IV), the molar ratio of said DFCCS (XV) to the said 1 H-tetrazol- 
1 -acetic acid (IV) is 1.1 to 1 .2 preferably 1.17. 
'5 In accordance with the present invention the reactive derivative of 2-(2-aminothia2ol-4-yl)-(Z)-2-[(1 -tertbutoxycar- 

bonyl-1 -methylethoxy)imino] acetic acid of fornnula Ic is obtained by activating 2-(2-aminothiazol-4-yl)-(Z)-2-[(1-tertbu- 
toxycarbonyl-l-nneihylethoxy)inr»ino] acetic acid(V) 



6 

— <C-C02H 
1^ 



CH3 



with N,N-dimelhylformiminium chloride chlorosulfate (DFCCS) (XV) in dichloromethane at a temperature ranging from 
-20°C to -25''C to provide reactive derivative of formula Ic. 



0.f-C02-C(CH3)3 



CH« 



Ic 

During the above process of manufacture of the reactive derivative of formula Ic and in particular during the said 
activation of 2-(2*aminothla20l-4-yl)-(Z)-2-[(1-tertbutoxycarbonyl-1-methylethoxy)iminol acetic acid(V), the molar ratio 
of DFCCS (XV) to the said thiazolyl acetic acid (V) was preferably maintained in the range of 1 .0 to 1 .3. 

In accordance with a further aspect of the invention there is provided a process for the preparation of the desired 
cephalosporin antibiotics of general formula II which comprises reacting sifyiaico 7-aminocephalosporanic acid deriv- 
atives of formula XVI, 
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CO2RI 
XVI 

in which R, = carboxylic protecting group or hydrogen; 



R4 = silyl group or hydrogen, with a reactive derivative of 2-(2*aminothia2ol-4-yl)-(Z)-2-methoxyimino acetic acid 
of formula la or 1H-tetrazol-1 -acetic acid of formula lb or 2-(2-aminothia2ol-4-yl)-(Z)-2-[(1-tertbutoxycarbonyl-1-meth- 
2S ylethoxy)imino]acetlc acid of formula Ic in dichlorom ethane at a temperature ranging from -lO^O to -30*'C. 

Thus, in accordance with the present invention the process for the manufacture of cephalosporin antibiotics such 
as cefotaxime(Ma) and ceftriaxone(llb) comprises activating 2-(2-aminothia2ol-4-yl)-(Z)-2-methoxyimino acetic acid(lll) 
with DFCCS (XV) in dichlorom ethane at a temperature ranging from -30°C to -IS'^C to yield the reactive derivative la, 
which is then coupled with sllylated 7-amlnocephalosporamic acid (XVI) at a temperature ranging from -70*0 to -30°C 
30 preferably -55* C to yield the desired cephalosporins such as cefotaxime(Ha), ceftriaxone(llb). 

Similarly, cefazolin (lie) is prepared by coupling silylated 7-amino-3-(2-methyl-1 .3.4-thiadiazol-5-yl)thimethyl-3-ce- 
phem-4-carboxylic acid and reactive derivative of 1 H-tetra2ol-1 -acetic acid of formula lb at a temperature ranging from 
-70*C to -30**C preferably -55*»C to yield cefazolin(llc). 

In the case of ceftazidime(lld) the ceftazidime penultimate intermediate, ceftazidime tertbutyl ester(Xli) is obtained 
35 by the process of the present invention and the intermediate (XII) Is further converted to ceftazidime pentahydrate by 
following the procedure described in the prior art. 

Thus, the process for the manufacture of ceftazidime of formula lid comprises, 



a. silylating 7-amino-3-(1-pyridiniummethyl)-3-cephem-4-carboxylic acid of formula VII 



vn 



w. h a silylating agent in the presence of an acid scavenging agent at a temperature ranging from 18°C to 25°C; 
to provide silylated 7-amino-3-(1 -pyridiniummethyl)-3-cephem-4-carboxylic acid of formula (XVId); 
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b. activating 2-(2-aminothiazol-4-yl)-(Z)-2-[(1-tertbutoxycarbonyl-1 -methyl ethoxy)imino] acetic acid(V) 
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with N.N-dimethylformiminium chloride chlorosulfate (DFCCS) (XV), 



^N=cH-o-§-a 

H3C 



XV 

in a solvent herein described at a temperature rangingf rom -20"C to -25'C to obtain reactive derivative of formula Ic; 



^3 ci<-> 



0-9.C02-C(CH3)3 
CH3 



Ic 
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c. acylating the silylated 7-amino-3-(1-pyridiniummethyl)-3-cephem-4-carboxylic acid (XVId) of step (a) with the 
reactive derivative of formula Ic of steb (b) at a temperature ranging from -70*C to 60*C preferably -70'C to -65°C 
to obtain ceftazidime tertbutyl ester (XII) 



X 



C-CONH 
II 



CH, 

IS "* 



<1 ?«3 COd» 
\of.COOC(CH3)3 



xn 



which is converted to ceftazidime pentahydrate (lid) via ceftazidime dihydrochloride. 

20 

Thus, the above process for the manufacture of ceftazidime (lid) of the invention comprises reacting silylated 
7-amino-3-(1-pyrtdiniumethyl)-3-cephem-4-carboxylic acid of formula XVId with reactive derivative of 2-(2-aminothia- 
zoI-4-yl)-(Z)-2-[(1-teftbutoxycarbonyl-1-methylethoxy)imino] acetic acid of formula Ic in dichloromethane at a temper- 
ature ranging from - 60°C to ^O'^C in the presence or absence of an acid agent to obtain ceftazidime tertbutyl ester 
2S (XII) which was converted to ceftazidime dihydrochloride following known procedure such as described in USP 4 258 
041 , which is further converted to its most stable pentahydrate form by fully known procedure as described in USP 4 
329 453. 

During the acylation reaction an acid scavenging agent can be optionally used. The preferred acid scavenging 
agent is N,N-dimethyl aniline and preferably the acid scavenging agent should be added to the silylated 7-amino-3- 
30 (1-pyridiniummethyl)-3-cephem-4-carboxylic acid(XVId) at -50"C. 

During the process of the acylation reaction either the silylated 7-amino-3-(1 iDyridiniummethyl)-3-cephem-4-car- 
boxylic acid(XVId) can be added to the reactive derivative Ic or vice-versa. However, for better results the addition 
should be preferably completed within 5 to 15 minutes. 

Thus, in accordance with the present invention DFCCS (XV) which Is used for activating the addendum acids such 
3S as HI, IV or V. is a known compound and described in the literature viz.ZChem, 6(4), 148(1966), J C.S Perkin Trans 
I, 2004-2007(1972); Bull Chem Soc. Jpn, 58, 1063-1064; Adv. Org. Chem. 9(2), 5. (1979); Synthetic Reagents Vol. 4. 
388-389; Angew Chem International Edit. 1(12), 647 (1962). 

While DFCCS (XV) prepared by any known process might be used but the inventors have found that best results 
are obtained when DFCCS (XV) is prepared by the following process. 
40 The preferred process of obtain the DFCCS (XV) comprises adding sulfuryl chloride to dimethyl formamide at 

-20'*C. The temperature is raised to 0*C at which the solid adduct crystallised out. which is vigorously stirred for one 
hour followed by addition of dichloromethane to the resulting reaction mixture. The temperature was raised to 15°C to 
20''C and at this temperature the solid crystals melt resulting in the formation of immiscible layer of the desired adduct 
i.e. XV. 

45 Such mode of preparation of DFCCS (XV) is illustrated in the following scheme 8: 



so 
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HsC"^ fl H3C^ A 



'0 XV 

SCHEMEB 

IS The DFCCS (XV) adduct thus obtained by the preferred process of the invention is found to be advantageous in 

use in the process of manufacture of the reactive derivatives of formula I in accordance with the objective of the invention 
for the reasons given below. 

i) Unlike the complex XIV used in the prior art, DFCCS (XV) used in the process of the present invention remains 
20 stable and does not get converted to the normal Vilsmeier's reagent. II has been observed that DFCCS (XV) of- 

the present invention is apparently more stable than DFCS (XIV) described in USP 5 037 988. In particular it is 
found that the thus obtained DFCCS (XV) used in the process of the invention is distinct from thionyl chloride-DMF 
adduct i.e. dimethyl formiminium chloride chlorosulfite (XIV) known in the art. The melting point of the later is 1 38*C 
- 140°C [Helv. Chim Acta, 62. 1655 (1959)] while that of he DFCCS adduct (XV) is 40''C - 4rC [Z. Chem 6(4). 
25 148(1966)]. 

ii) The DFCCS (XV) used in the process of the invention can be prepared in any solvent such as benzene, toluene, 
acetonitrile or dichloromethane and also in the absence of solvents. This is advantageous and clearly distinct from 
the thionyl chloride-DMF adduct i.e. dimethyl formiminium chloride chlorosulfite (XIV) described in USP 5 037 988. 

30 which cannot be prepared in solvents such as chloroform or dichloromethane, since these solvents facilitate com- 

plete or partial conversion of adduct XIV to normal Vilsmeier's reagent. 

iii) It has been found that sulfinyl chloride-DMF adduct(DFCCS) of formula XV is more stable than the DFCS adduct 
of formula XIV made from thionyl chloride and DMR Thus, when DFCCS (XV)adduct was kept at ambient temper- 

35 ature for 16 hours and used for further complexation with compounds of formulae III, IV and V for synthesis of the 

activated ester required for the final acylation reaction, the drop in yield in the final antibiotic was about 26% (85% 
when used fresh and 59% after storage of DFCCS for 16 hours). Similarly when DFCS adduct was kept at ambient 
temperature for 16 hours and further processed for synthesis of the final antibiotic, the drop in yield was about 
35% (80% when used fresh and 45% when used after 16 hours). Hence, DFCCS adduct (XV) obtained by the 

40 preferred process described above is having superior stability compared to DFCS adduct (XIV) and this is a great 

advantage for cost effective manufacture of cephalosporin antibiotics like cefotaxime, ceftriaxone, cefazolin and 
ceftazidime. 

Thus, the use of DFCCS (XV) for synthesis of compound of formula la or lb or Ic, provides practical cost effective 
45 and safe method for manufacture of the desired cephalosporin antibiotics. 

Also, in the present invention it was observed that when the preparation of DFCCS (XV) was carried out in the 
presence of 0.5 to 0.7 volume of dichloromethane as the solvent, DFCCS (XV) of improved was obtained. 

Thus, in the present invention DFCCS (XV) was prepared by reacting equimolar quantities of N.N-dimelhyl forma- 
mide and sulfuryl chloride in 0.5 volume of dichloromethane at 20°C to 25**C for 60 to 90 minutes. 
so The process of manutaclure of the desired cephalosporin antibiotics of formula II such as cefotaxime (I la) and 

ceftriaxone (lib) according to the improved process of the invention basically involves the following; 

a. the 2-(2-aminothia2ol-4-yt)-2-(2)-methoxyimino acetic acid (111) was activatived with DFCCS(XV) in dichlo- 
romethane at a temperature ranging from -30**C to -15*C'to yield reactive form la. 



b. The reactive derivative form la of step (a) was treated with silylated 7-amino cephalosporanic acid (XVla) at a 
temperature ranging from -70*C to -30**C to yield the desired cephalosporins such as cefotaxime(lla). ceftriaxone 
(lib). 
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The process of the present invention for the preparation of cefotaxime and ceftriaxone described above may be 
represented as follows in scheme C: 
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SCHEMEC 



Cefazolin (lie) is prepared from silylated 7-amino-3-(2-methyM ,3.4-thiadiazole-5-yl)thiomethyl-3-cephem-4-carboxylic 
acid and reactive derivative of 1H-tetrazol-1 -acetic acid of formula lb in a manner similar to that described for the 
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preparation of cefotaxime (I la), ceftriaxone (Kb). 

The preparation of cefazolin (lie) is illustrated in the following scheme D: 



H3C^ & 



10 



IV I XV 

IS 



3 



lb 




SCHEMED 



ss '■ — . 

The process of the present invention for the manufacture of ceftazidime (lid) is described in detail as follows: 

In Step I 2-(2-aminothiazol-4-yl)-(2)-2-[(l-tertbutoxycarbonyl-l-mGlhylethoxy) iminojacetic (V) was activated with 
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N,N-dimethylformiminium chloride chbrosulfate (XV) in dichloromethane at a temperature ranging from -2Cy*C to- 
25°C. The temperature of the resulting reaction mixture Is raised to -15*'C ± 2'*C to yield the reactive derivative of 
formula Ic. 

In Step II 7-amino-3-(1-pyrtdiniummethyl)-3-cephem-4-carboxylic acid (VII) was silylated with a silylating agent 
such as N.O-bis(trimethyl silyl)acetamide in dichloromethane in the presence of an acid scavenging agent such 
as N.N-dimethy (aniline at a temperature ranging from 18'*C to25*C. 

In Step III the pre cooled reactive derivative of formula Ic is added to cooled silylated 7-amino-3-(1 -pyridlniumme- 
thyl)-3-cephem-4-carboxylic acid(XVId) at a temperature ranging from -70* to -60** C to yield ceftazidime tertbutyl 
ester (XII) which was further converted to ceftazidime pentahydrate by procedure disclosed in the prior art. 



Ceftazidime tertbutyl ester(XII) was first converted to ceftazidime dihydrochloride by following the procedure dis- 
closed in USP 4 258 041 which in turn was converted to the stable pentahydrate fonn of ceftazidime(lld) by the pro- 
'5 cedure disclosed in USP 4 329 453. 

The process of the present invention is illustrated in the following scheme E. 
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In the present invention the silylation is carried out by using conventional silylating agents such as N,0-bis(trimeth- 
ylsilyl)acetamide. hexamethyl disilazane(HMDS). trimethylchlorosilane. 

However, in the case of ceftazidime(lld) the preferred silylating agent is N.O-tis(trimethylsilyl)acetamide and 4 
moles of which is used per mole of the substrate. 
5 In case of other cephalosporins such as cefotaxime(lla). ceftriaxone(llb) and cefa2oline(llc) alternatively the 7-ACA 

derivative is used inthe form of its quaternary salt with tetramethyl guanidine. 

The acid scavenging agent used to capture the HCI released during silylation is selected from N,N-dimethylaniline, 
dielhylamine. pyridine preferably N.N-dimethylanillne. 

The solvent that is used during activation of addendum acids III, IV and V is selected from dichbroemethane, 
^0 chloroform, benzene, toluene preferably dichloromethane. 

The acylation reaction is carried out at a temperature ranging from -ICfC to -30*'C preferably -70°C to -55*C. 

The process of the invention its objects and advantages would be further apparent from the non limiting examples 
illustrated hereunder: 

75 EXPERIf^ENTAL 

Example 1 ^ 
Preparation of 7-[(2-(2-amlnothlazol-4-yl)-2-syn-methoxy-imino)acetamido] cephalosporanic acid (cefotaxime). 

20 

A) Actryation of the 2-(2-aminothiazol-4-yl)-2-syn-methoxyimino acetic acid. 

1 1 .9 g of suifuryl chloride was added dropwise to 6.4 g of dimethylformamide at -20°C. The temperature was 
slov/ly fciiscd to 0°C at which the solid adduct crystallised out. This was stirred vigorously for 1 hour and 50 ml of 
dichloromethane was added to the solid crystals. The temperature was raised to 15'*C-20'* C and at this temperature 
25 the cryGtalliscd adducl molted and formed an immiscible layer with dichloromethane. The lower portion (N,N- 

Dimelhyl lormimum chloride chloro sulphate) was added to a pre cooled slurry of 16.02 g of 2-(2-aminothiazol- 
4-y l)-2-syn-methoxyimino acetic acid in 1 50 ml of dichloromethane at -20**C to get a clear solution, which was kept 
for 1 hour at this temperature. 

30 B) Preparation of 7-amino cephalosporanic acid solution. 

20 Og of 7-aminocephalosporanic acid was taken in 150 ml of dichloromethane and 12.24g of hexamethyld- 
isilazane was added to it. followed by refluxing for two hours. The clear solution obtained was cooled to lO^C and 
12.1 ml of dimethylaniline was added to it, followed by cooling to -55** C. 

55 C) Acylation 

The reaction mixture (A) was cooled to -55**C and the reaction mixture (B) was added to it to get a clear 
solution The temperature was maintained at -SS^'C for 10 minutes. The quantification of the condensed mass 
showed the formation of 82.5% of cefotaxime acid . 

PMR (Diy/lSO-de) i>ppm : 2.00{s). 3.3(q). 3.8(s). 4.9(q). 4.97(q), 5.60(2d), 6.70(s), 7.2(bs), 9.47(d) 

40 

D) Isolation of 7-[(2-(2-aminothiazol-4-yl)-2-syn-methoxy-im{no)acetamido] cephalosporanic acid. 

200 ml of water was added to the above condensed mass and the temperature was brought to 25''C in 20 
minutes. At this temperature, the pH of the hydrolysed mass was brought to 6.5 by using triethylamine. The aqueous 
layer was taken and 40 ml of 85% formic acid was added at SO'C. The product in the formic acid solvate form 
45 started precipitating after 1 0 minutes. This was cooled to 5°C and was stirred for one hour and then filtered to yield 

29 g (87%) of the formic acid solvate with a purity of 92%. 
^^max = 233.0nm (in water) 

E) Conveision of formic acid solvate to isopropyl alcohol solvate of cefotaxime: 

5^ The above said formic acid solvate was taken in 1 75 ml of isopropyl alcohol and heated to 50**C for 4-5 hours. 

The isopropyl alcohol solvate thus formed was cooled to 5**C and then filtered to yield 26.97g (81 %) of the isopropyl 
alcohol solvate with a purity of 92S{,. 
MP= 202* -205'* C 

a) IR : (main bands) in cm . 

3420 (-NH2 ), 3340 (-NH, -NHg ), 1760 (-C=0 lactam), 1730 (-C=0. carboxylic). 1650 (-C(=0)-NH), 
1335- 1355 (-O-CO-CH3). 

b) UV Characteristics : 
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UV max = 235,5nm (in water). E(1%,1 cm) = 376.00 
c) Specific rotation : 

[a] = +61.232 (C =1% aqueous solution) 

^ F) Conversion of Isopropyl alcohol solvate of cefotaxime to cefotaxime sodium; 

lO.Og of the above solvate was taken in 60 ml of methanol and 11 ml of water and the mixture was cooled to 
+5 C. To this was slowly added 1 .8 g of sodium acetate dissolved in 20 ml methanol to get a clear solution. To the 
above solution 400 ml of isopropyl alcohol was added within one hour to get cefotaxime sodium in the crystal form. 

Example 2 

Preparation of 7-[(2-(2-aminothiazol-4-yl)-2-syn-methoxy-imino) acetamido] cephalosporanic acid (cefotaxime). 
Same procedure as in example 1 was followed, but 400 ml of dtchloromethane was used for the activation of 2- 
(2-amino thiazol-4-yl)-2-syn-methoxyimino acetic acid. Cefotaxime was prepared in 81 .4% yield. 

15 

Example 3 

Preparation of 7-[(2-(2-aminothia2ol-4-yl)-2-syn-methoxy-imino) acetamido] cephalosporanic acid (celoiaxime). 

20 A) Activation of 2-(2-aminothia2ol-4-yI)-2-syn-methoxy-imino acetic acid: 

Same procedure as in example 1 was followed. 

B) Preparation of 7-aminocephalosporanic acid solution: 

Same procedure as in example 1 was followed. 

C) Acylation: 

The reaction mixture (A) was cooled to -70°C and reaction mixture (B) was added to it to get a clear solution. 
The temperature of the condensed mass was maintained at -70*C for 10-15 minutes. The quantification of the 
condensed mass showed the formation of 75.5% of cefotaxime. 

D) Isolation of 7-[(2-(2-aminothia2ol-4-yl)-2-syn-methoxy-imlno) acetamidolcephalosporanic acid. 
Same procedure as in example 1 was followed. 

Example 4 

Preparation of 7-((2'(2-aminothiazol-4-yl)-2-syn-methoxy-imino)acetamido] cephalosporanic acid (cefotaxime) 



A) Activation of 2-(2-aminothiazol-4-yl)-2-syn-methoxy-imlno acetic acid. 

1 9.8 g of sulf uryl chloride was added dropwise to 10.7g of dimethylformamide at -2(y*C. The temperature was 
40 slowly raised to 0*G at which white solid crystallises out. The reaction mixture was stirred vigorously for one hour 

60 ml of dichloromethane was added to the solid crystals and the temperature was brought to 15** -20°C. At this 
temperature, the solid crystals melted to form immiscible layer The lower layer was added to a pre-cooled slurry 
of 1 5.08 g of 2-(2-aminothia2ol -4-yl)-2-syn-methoxyimino acetic acid in 1 20 ml of dichloromethane at -20**C to get 
a clear solution which was kept for one hour at this temperature. 



B) Preparation of 7-aminocephalosporanic acid solution: 

Same procedure as in example 1 was followed. 

C) Acylation: 

The reaction mixture A was cooled to -55°C and the reaction mixture B was added to it to get a clear solution. 
The temperature was maintained at -SO'^'C for 10 minutes. The quantification of the condensed mass showed only 
36.3%of cefotaximj. 

D) isolation of 7-((2-(2-aminothia2ol-4-yl)-2-syn-methoxyHmino)acetamido) cephalosporanic acid: _ 
^5 Same procedure as in example 1 was followed. 
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Example 5 : 

Preparation of 7-[(2-(2-aminothiazol-4-yl)-2-syn-methoxy-imino)acetamido] cephalosporanic acid (cefotaxime) 

A) Activation of 2-(2-aminothiazol-4-yl)-2-syn-methoxy-imino acetic acid: 
10.9 g of sulfuryl chloride was added dropwise to 5.9 g of dimethylformamide at -20'=*C. The temperature was 

slowly increased to O^'C at which the solid adduct crystallised out. This was vigorously stirred for 1 hour at this 
temperature. To the solid crystals. 30 ml of dichloromethane was added and the temperature was raised to 15** 
-20** C. At this temperature the solid crystals melted and formed an immiscible layer with dichloromethane. The 
lower layer was added to pre-cooled slurry of 15.08 g of 2-(2-aminothiazol-4-yl)-2-syn-methoxyimino acetic acid 
in 1 20 ml of dichloro methane at -20**C to get a clear solution which was kept for one hour at the same temperature. 

B) Preparation of 7-amino cephalosporanic acid solution : 
Same procedure as in example 1 was followed. 

C) Acylation : 

The reaction mixture A was cooled to -55''C and reaction mixture B was added to it to get a clear solution. 
The temperature of the condensed nnass was kept at -50*'C for 10 minutes. The quantification of the condensed 
mass showed 60% of cefotaxime. 

D) Isolation of 7-f(2-(2-aminothiazoM-yl)-2-syn-methoxy-lmino)acetamido]cephalosporank: acid: 
Same procedure as in example 1 was followed. 

Example 6 : 

Preparation of 7-[(2-(2-amlnothia2ol-4-yl)-2-syn-methoxy-imino)acetamido]cephalosporanic acid (cefotaxime). 

A) Activation of 2-(2-aminothia2ol-4-yl)-2-syn-methoxy-imino acetic acid. 
Same procedure as in example 1 was followed. 

B) Preparation of 7-aminocephalosporanic acid solution: 

Same procedure as in example 1 was followed. 

C) Acylation: 

The reaction mixture A was cooled to -55 C and the reaction mixture B was added to it to get a clear solution. 
The temperature was maintained at -50 C for 30 minutes, instead of 1 0 minutes. The quantification of condensed 
mass showed 55% of cefotaxime. 

D) Isolation of 7-[(2-(2-aminothia2ol-4-yl)-2-syn-methoxy-imino)acetamido] cephalosporanic acid : 

Same procedure as in example 1 was followed. 

Example 7 : 

Preparation of 7-((2-(2-aminothla2ol-4-yl)-2-syn-methoxy-imino)acetamidoJ cephalosporanic acid (Cefotaxime). 
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A) Activation of 2-{2-aminothiazol-4-yl)-2-syn-methoxy-imino acetic acid: 

Same procedure as in example 1 was followed. 

B) Preparation of 7-aminocephalosporanic acid solution: 

20.0 9 of 7-aminocephalosporanlc acid was taken in 150 ml of dichloromethane and 12.24 g of hexamethyl- 
disilazane was added to it followed by refluxing for 2 hours. The clear solution obtained was cooled to 10 C and 
9.4 g of acetamkJe w as added to it followed by cooling to -55'»C. 

C) Acylation : 

Same procedure as in example 1 was followed. Quantification of the -condensed mass showed 60% of cefo-" 
taxime. 

D) Isolation of 7-[(2-(2-aminothia2ol-4-yl)-2-syn-methoxyimino)acetamido] cephalosporanic acid: 
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Same procedure as in example 1 was (ollowed 
Example 8 : 

Preparation of 7-[(2-(2-aminothiazol-4-yl)-2-syn-methoxyimino)acetamido] cephalosporanlc acid (Cefotaxime). 

A) Activation of 2-(2-aminothia2ol-4-yl)-2-syn-methoxyimino acetic acid: 

11.9 g of sulfuryl chloride was added dropwise to 6.4 g of dimethylformamide at -2 C. The temperature was 
slov/ly raised to 0°C at which the solid adduct crystallised out. This was stirred vigorously for 1 hour and 50 ml of 
dichloromethane was added to the solid crystals. The temperature was raised to 1 5**C-20 **C and at this temperature 
the crystallised adduct melted and formed an Immiscible layer with dichloromethane. The lower portion (N,N- 
Dimethyl forminium chloride chloro sulphate) was added to a pre cooled slurry of 16.25 g of 2-(2-aminothia2ol- 
4-yl)-2-syn-methoxyimino acetic acid in 150 ml of dichloromethane at -20*'C to get a clear solution, which was kept 
for 1 hour at this temperature. 



B) Preparation of 7-amino cephalosporanlc acid solution. 

20 Og of 7-aminocephatosporanic acid was taken in 120 ml of dichloromethane and I0.65g of hexamethyl 
disilazane and 0.1 g imidazole was added to it. Start refluxing for 4 hours under nitrogen almosphere.(After 30 
minutes to refluxing, clear solution was obtained. ) Cooled to 1 0** C and 1 2. 1 ml dimethylaniline was added followed 
20 by cooling lo 55' C. 

C) Acylalion 

The reaction mixture (A) was cooled to -55**C and the reaction mixture (B) was added to it to get a clear 
solution The temperature was maintained at -55°C for 10 minutes. The quantification of the condensed mass 
showed the formation of 90 to 95% of cefotaxime acid depending on the potency of the starting product (7-ACA). 



D) Isolation of 7-[(2-(2-aminothiazoM-yl)-2-syn-methoxyimino)acetamido] cephalosporanic acid. 

80 ml of water was added to the above condensed mass and the temperature was brought to 25'*C in 20 
minutes At this temperature, the pH of the hydrolysed mass was brought toB.S by using triethylamine. Theaqueous 
30 layer was separated. Organic layer was extracted with 20 X 2 ml DM water. Combined aqueous layer and extraction 

was taken and 40 ml of 85% formic acid was added at SO^C. The product in the formic acid solvate form started 
precipitating after 10 minutes. This was cooled to 0**C - 5°C and was stirred for one hour and then filtered to yield 
30 g (87*^0) of the formic acid solvate with a purity of 92%. 

3S E) Conversion of formic acid solvate to isopropyl alcohol solvate of cefotaxime: 

Same procedure as in example 1 was followed. 

Example 9 : 

Preparation of 7-(l -(1 H)-tetrazolylacetamido)-3-[2- (5-methyl-1 ,3,4-thiadiazolyl)thiomethyl]-3-cephem-4-carboxy- 
lic acid (Cefazolin). 



A) Activation of 1H-tetrazol-1 -acetic acid: 

9.41 g of sulfuryl chloride was added dropwise to 5.09 g of dimethylformamide at -20°C. The temperature was 
45 Slowly raised to 0*C at which the solid adduct crystallised out. To this 50 ml of dichloromethane was added and 

the solid crystals melted to form an Immiscible layer. The lower layer was added to 8.9 g of IH-tetrazol-l -acetic 
acid in 120 ml of dichloromethane at -20°C. The temperature was raised to 0** C which resulted in the formation 
of a turbid reaction mass. This reaction mass was kept at O'C for one hour. 



B) Preparation of 7-amino-3-(2-(5-methyl-1 ,3,4-thiadiazolyl)thiomethyl]-3-cephem-4-carboxy{ic acid solution: 

20.0 g of 7-amino-3-[2-(5-methyl-1 ,3,4-thiadiazolyl)thiomethyl]-3-cephem-4-carboxylic acid was taken in 1 20 
ml dichloromethane and to this 9.39 g of hexamethyl disilazane was added and refluxed for 2 hours to get a cle. ir 
solution. After 2 hours the clear solution was cooled to 10**C and 12.6 g dimethylaniline was added to it and tl o 
reaction mixture was further cooled to -40°C. 

C) Acylation: 

The reaction mixture A was cooled to -40°C. to which reaction mixture B was added and the temperature of 
the condensed mass was maintained at -25*»C for 10-15 minutes. The quantification of condensed mass showed 
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53% of cefazolin. 

D) Isolation of 7-(l -(1 H)-tetra2olylacetamldo)-3-[2-(5-methyl-3 , 3.4-th jadiazoly()thiomethyl]-3-ceph 
acid. 

5 To the above condensed mass, 1 00 ml of water was added and the pH was brought to 6 by using Iriethylamine. 

The layer was separated and the pH of the aqueous layer was adjusted to 1 .5 to yield white crystals of cefazolin. 
This was filtered and washed with water followed by methanol. 

a) IR : (Main bands) in cm 

3230 (-NH), 3140. 3075 (N=N, -C=N- tetrazole ring). 2620, 2580 (OH, bonded, -COOH). 1770 (C=0 lactam), 
1715 (C=0 acid). 1670 (C=0 amide-l). 1555 (C=0 amide-ll). 

b) UV Characteristics : 

UV max = 272,5 nm (in water), E(1%, 1cm) = 290.76 

IS 

c) Specific rotation : 

[a] ^- -19.6° (C=1% aqueous solution) 
Example 10 : 

20 

Preparation of 7-(1 -(1 H)-tetrazolylacetamido)-3-[2-(5-m8thyl-1 ,3.4-thiadiazolyl)thiomethyl]-3-cephem-4-carboxyl- 
ic acid(cefazoiin) 

A) Activation of 1H-tetrazol-1 -acetic acid. 

25 Same procedure as in example 9 was followed. But, 140 ml of dichloromethane was used for activation. 

B) Preparation of 7-amino-3-[2-(5-rnethyl-1 ,3,4-thiadiazolyl)thiomethyl]-3-cephem-4-carboxylic acid solution: 

20.0 g of 7-amino-3-(2-methyl-1 .3,44hiadiazol-5-yl) thiomethyl-3-cephem-4-carboxylic acid was taken in 140 
ml dichloromethane and hexamethyldisilazane was added and refluxed for two hours to get a clear solution. This 
30 solution was cooled to 1 0*»C and 1 2.6 g of dimethylaniline was added. The resulting mixture was cooled to -40**C. 

C) Acylation : 

The reaction mixture A was cooled to -40°C to which reaction mixture B was added and the temperature of 
the resulting condensed mass was nnaintained at -25*C for 10-15 minutes. The quantification of the condensed 
35 mass showed 61 % of cefazolin. 

D) Isolation of 7-(1-(1H)-tetrazolylacetamido)-3-[2- (5-methyl-1.3,4-thiadiazolyl)thiomethyl]-3-cephem-4-carboxy- 

lic acid. 

Same procedure as in example 9 was followed. 
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Example n : 

Preparation of 7-{[(2-aminothiazol-4-yl)(methoxyimino) acetyl)amino]-8-oxo-3-{[1.2,5,6-tetrahydro-2-methyl- 
5.6-dioxo-l .2,4-triazin-3-yl)thioJmethylJ-5-thia-1-azabicyclo(4.2.0) oct-2-ene-2-carboxylic acid (ceftriaxone) : 



A) Acti^/ation of 2-(2-aminothiazol-4-yl)-2-syn-methoxyimino acetic acid : 

9.06 g of sulfuryl chloride was slowly added to 4.91 g of dimethylformamide at -25°C. The temperature was 
slowly raised to 0°C in 60-90 minutes. At this temperature white solid i.e. dimethyl forminium chloride chlorosulfate 
(DFCCS) crystallised out 50 ml of dichloromethane was added to the solid crystals and stirred vigorously for 15-20 
so minutes when the solid crystals melted to form an immiscible white crystalline coloured oil which was decanted in 

the lower portion. 11 .37 g of 2-(2-aminothiazol-4-yl)-2-syn-methoxyimino acetic acid in 120 ml of dichloromethane 
was cooled to -SO^C and to this the above immiscible layer was added in 20-30 minutes. The temperature was 
slov/ly raised to -10°C in one hour to get a clear solution. 

55 B) 7-amino-3-desacetoxy-3-[(2T^. .ydro-6-hydroxy-3-methyl -5-oxo-as-triazin-3-yl)thio] cephalosporanic acid so- 

lution. 

20 0 g of 7-amino-3-desacetoxy-3-[(2.5-dihydro-6-hydroxy-3-methyl-5-oxo-as-triazin-3-yl)thio)]cephalospo- 
ranic acid in 160 ml of dichloromethane. To the resulting reaction mixture 40 ml of N. O-bis-silyl acetamide was 
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added and stirred for 8 hours at 30**C to get a clear solution, cooled to -20°C and 8.35 ml dimethylam'line was 
added to it and the reaction mixture was finally cooled to -50*C. 

C) Acylation 

The reaction mixture A was cooled to -30'C and added to the reaction mixture B. The temperature was main- 
tained at -40*^0 for 20-30 minutes. 

Thick precipitation occurred which became thin during stirring, HPLC showed the formation of 70% of ceftri- 
axone. 

PMR (DMSO-dg ) 6ppm : 3.3(d). 3.59(s). 3.9(s), 4.2(d). 5.1(d). 5.72(d). 6.8 (s). 9.7(d). 



D) Isolation : 

After 30 minutes of the reaction, 200 ml of water was added at -40°C and stirred for 30 minutes at 20-25*'C. 
The pH of the reaction mass was brought to 6.5 by adding triethylamine. The aqueous layer was separated and 
was treated with 5.0 g of activated carbon and 2.0 g of sodium bisulfite for 30 minutes, filtered and washed with 
^5 40 ml water. The pH is then adjusted to 3.2 by 1 :1 HCI, seeded and the resulting mixture was stirred for 30 minutes 

at 25''-30''C. Finally the pH is readjusted to 2.6 and the reaction mixture was stirred for 20 minutes and then further 
stirred for two hours at O'C to -5**C. The product was filtered, washed with chilled tsopropyl alcohol to give 21 g 
(70%) of ceftriaxone. Assay = 92.88% - 95% 

20 a) I R Characteristics 

Main band = 1 780 cm (P lactam) 

b) UV Characteristics 

UV max = 241.5nm(in water). E(1%. 1cm) = 481.46 

c) Specific rotation : [a] -153.88*. ' 
(C = 1% aqueous solution) 



Example: 12 

Preparation of 7-[[(2-aminothia2ol-4-yl)-2-syn-methoxyimino] acetamido]-8-oxo-3-[(l ,2,5.6-tetrahydro-2-methyl- 
5.6- dioxo-1.2,4-triazin-3-yl)thiomethyl] cephalosporanic acid (ceftriaxone) 

A) Activation of 2-(2-aminothiazol-4-yl)-2-syn-methoxyimino acetic acid. 
55 Same procedure as in example 11 was followed. 

B) Quaternary salt of 7-amino-3-desacetoxy-3-(2,5-dihydro-6-hydroxy-3-methyl-5-oxo-as-triazin-3-yl)thio) cepha- 
losporin acid. 

20.0gof7-amino-3-desacetoxy-3-(2,5-dihydro-6-hydroxy-3-methyl-5-oxo-as-triazin-3-yl)thio)cephaiosporan- 
40 ic acid in 120 ml of dichloromethane was cooled to -15°C and 12.3 g of tetramethyl guanidine (TMG) was added 

to it. The temperature was slowly raised to -20**C to -25°C in one hour. The reaction mixture was stirred for one 
hour at 25°C to get a clear solution. This solution was further cooled to -30'*C to -35**C and 8.35 ml dimethylaniline 
was added to it and the reaction mixture was finally cooled to -40°C. 

45 c) Acylation : 

Same procedure as in example 11 was followed. HPLC showed formation of 75% of ceftriaxone: 
D) Isolation. 

Same procedure as in example 11 was followed. 



55 



Example 13 : 

Preparatic n of 7-[(2-aminothiazol-4-yl)(methoxyimtno) acetamido]-8-oxo-3-[[(1 ,2,5.6-tetrahydro-2-methyl-5,6-di- 
oxo-1 ,2,4-tria2jn-3-yl)thio]methyll cephalosporanic acid (ceftriaxone) 

A) Activation of 2-(2-aminothiazol-4-yl)-2-syn-methoxyjmino acetic acid. 
Same as procedure as in example 11 was followed. 
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B) 7-amino-3-dGsacetoxy-3-[(2.5-dihydro-6-hydroxy-3-methyl -5-oxo-as-triazin-3-yl)thio]cephalosporanic acid so- 
lution. 

20,0 g of 7-amiao-3-desacetoxy-3-(2.5-dihydro-6 -hydroxy-2-methyl-5-oxo-as-triazin-3-yl)thio)cephalospo- 
ranic acid in 200 ml of dichloromethane was taken and 19.05 g of trimethylsilyl chlorlde(TMCS) was added to it, 
- followed by refluxing for 3 hours to give clear solution, cooled to -20°C and 8.53 ml dimethylamine was added to 
it. The reaction mixture was finally cooled to -50**C. 

C) Acylation: 

Same procedure as in example 11 was followed HPLC showed conversion to 70% of ceftriaxone. 
Example: 14 

Preparation of 7-[[(2-amlnothtazol-4-yl)-2-syn-methoxyimino] acetamido]-8-oxo-3-{(1 .2.5,6-tetrahydro-2-methyl- 
5,6- dioxo-1,2,4-triazin-3-yl)thiomethyl] cephalosporanic acid (ceftriaxone) 

A) Activation of 2-(2-aminothlazol-4-yl)-2-syn-methoxyimino acetic acid. 

8.72 g of sulfuryl chloride was slowly added to 4.7 g of dimethylformamide at -25''C. The temperature was 
slowly raised to 0 CIn 60-90 minutes. At this temperature white solid i.e. dimethyl formlnium chloride chlorosulfate 
(DFCCS) crystallises out at 0' C. 50 ml of dichloromethane was added to the solid crystals and stirred vigorously 
for 15-20 minutes when the solid crystals melt to form a colourless immiscible oil which was decanted and taken 
separately 11.37 g of 2-(2-aminothiazol-4-yl)-2-syn-methoxyimino acetic acid in 120 ml of dichloromethane and 
was cooled to -30°C and to this the above immiscible oily layer was added in 20-30 minutes. The temperature was 
slowly raised to -10*C in one hour to get a clear solution and was kept at this temperature for 30 minutes. 

B) 7-amino-3-desacetoxy-3-[(2,5-dihydro-6-hydroxy-3-methyl-5-oxo-as-tria2in-3-yl)thio] cephalosporanic acid so- 
lution. 

20.0 g of dry 7-amino-3-desacetoxy-3-[(2.5-dihydro-6 -hydroxy-3-methyl-5-oxo-as-tria2in-3-yl)thio)]cepha- 
losporanic acid in 120 ml of dichloromethane to which 1 3.05 g of hexamethyldisilazane, 2.5 g of trimethyl chlorosi- 
lane and 0.5 g of imidazole were added and refluxed for 5 to 6 hours to get a hazy reaction mixture. This was 
cooled to 10°C and 8.3 ml of dimethylaniline was added and was further cooled to -50*C. 

C) Acylation : 

The reaction mixture (A) was cooled to -50*C and reaction mixture (B) was added to it to get a clear solution 
and the temperature of the resulting reaction mixture was maintained at -45*0 to -50 C f or 30 minutes, HPLC 
monitoring showed the formation of 86% ceftriaxone. 

D) Isolation: 

After 30 minutes, 200 ml of water and 50 ml of triethylamine was added to get pH 6.5 - 7.0. The layer as 
separated and the aqueous layer was taken and isopropyl alcohol (20ml) and ethyl acetate(40 ml) was added to 
it and stirred for 10 minutes at 20°C to 25^*0. The pH of this aqueous layer was adjusted to 2.5 by using formic 
acid to get white crystals. This was further cooled to 0* to 5°C and maintained for one hour. After one hour the 
product was filtered and washed with 50 ml of water followed by 50m of chilled isopropanol to give 25.Bg (86.5%) 
ceftriaxone acid having a 98% purity. 

Example 15: 

Preparation of (6R. 7R)-7-[[(2-amino-4-thiazolyl)-2-(l -carboxy-1 -methyl ethoxy)imino]acetamido]-3-(l -pyridinium- 
methyl)-3-cephem-4-carboxylate pentahydrate (ceftazidime penlahydrate) 

I. Preparation of (6R, 7R)-7-amino-3-{1-pyridiniummethyl)-3-cephem-4-carboxylic acid iodide monohydrate. 

Iodine (117 g, 915 mmol) was taken in dichloromethane (750 ml) at room temperature and the temperature 
was further raised to Se^C. Hexamethyl disilazane (HMDS)(80g, 496 mmole) was ad Jed to it at 35°C over 30 hrs 
and the reaction mixture was refluxed for 4 to 5 hours till the colour disappeared. Pyr Jine (QOg, 1168 mmole) was 
added to the reaction mixture in 60 minutes at 30°C followed by addition of 7-aminocephalosporanic acid (50 g 
r . 183 mmol) at 35**C - 40**C. The reaction was monitored by HPLC. 

The reaction mixture was cooled to 10*C and isopropyl alcohol (220 ml) and water (30 ml) was added to it. 
The resulting reaction mixture was further cooled to 0°C to 2°C for 2 hours, filtered and the cake was washed with 
a mixture of isopropanol (80 ml) and water(5 ml), followed by acetone (100 ml). 
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The resulting product was taken in methanol (200 ml) at lO^'C and dissolved by adding 17% HCI. stirred for 
60 minutes. The pH of the resulting solution was adjusted to 2.8 to 3.0 by addition of triethylamine. The resulting 
solution was cooled to 0^*0 - 5**C for 60 minutes, filtered with a mixture of methanol and acetone (50:50) followed 
by chilled acetone (50 ml) and dried under vacuum at 35*C for 2 hours to obtain 62 g (90%) of the product 
5 Water Content (KF) : 3 - 4% 

IR (KBr)cm-i : 3300. 1790, 1600, 1480. 1400, 1140. 

II. Preparation of (6R, 7R)-7-amino-(1 -pyridiniummethyl)-3-cephem-4-carboxylic acid hydrochloride monohydrate. 
The compound of Step 1(1 Og) was dissolved in 0, 1 N HCI (50 ml) at 20°C. The resulting product was precipitated 
10 by adding isopropanol (250 ml) at 20'*C, filtered, washed with isopropanol (10ml) and dried under vacuum for 2 

hours at 40*0 to obtain 7.5 g of the product. 

Water Content (KF ): 4 • 5% 
IR : (KBr) cm'^ ; 3300, 1780, 1600. 

IS Hi. Preparation of (SR. 7R)-7-[(2-(2-amino-4-thiazolyl)-2-[(1 -tertbutoxy carbonyl-1 -methylethoxy)imino]acetamido- 

3-(1-pyridlniummethyl)-3-cephem- 4-carboxyIate (ceftazidime tert butyl ester). 

A) Silylation of (6R, 7R)-7-amino-3-(1-pyridiniummethyI)-3-cephem-4-carboxylic acid hydrochloride monohy- 
drate. 

2^ (6R, 7R)-7-amino-3(1 -pyridiniummelhyl)-3-cephem-4-carboxylic acid hydrochloride monohydrate( 1 0g, 26 

mmoles) was taken in dichloro methane (1(X) ml) and then 40 ml of dichloromethane was distilled out. After 
cooling the reaction mixture to 25**C, N,0-bis(trimethyl silyl)acetamide (21 .2g, 104 mmole) was added to it 
and agitated for 4 hours to get a clear solution. The reactbn mixture was cooled to -70*'C and N,N-dimethyl- 
aniline(4.2g. 34 mmol) was added to it. 

2S 

B) Preparation of dimethyl formiminiuirh chloride chlorosulfate (DFCCS) 

Sulfuryl chloride (4.761 g, 34 mmol) was taken in dichloromethane (5 ml) and the reaction mixture was 
cooled to -25**C. N.N-dimethylformamide (2.54 g, 34 mmole) was added to the reaction mixture slowly in 30 
minutes and the temperature was raised to 22''C and agitated for 90 minutes at the same temperature at which 
30 the oily layer separates out. Further, an additional 10 ml of dichloromethane was added to it and agitated for 

another 10 minutes. The oily layer containing DFCCS was separated out. 

C) Activation of (Z)-2-(2-aminothiazol-4-yl)-2-[(1-tertbutoxy-carbonyl-1-methylethoxy)imino] acetic acid. 

(Z)-2-(2-aminothiazol-4-yl)-2-[(1-tertbutoxycarbonyl-1-methylethoxy) imlno]acetic acid (8.84 g. 26 mmol) 
55 was taken in dichtoromethane (50 ml) and the resulting reaction mixture was cooled to -25*C and the above 

oily layer containing DFCCS was added to it in 30 minutes. The temperature of the reaction mixture was raised 
to -10**C to get a clear solution and agitated for 90 minutes and then cooled to -60°C. 

D) Acylation: 

^0 The pre-cooled reactive derivative of step (c) was added to pre-cooled silylated 7-amino-3-(1 -pyridinium- 

methyl)-3-cephem-4-carboxync acid and the temperature of the reaction mass was kept at -70''C for 90 min- 
utes. The reaction was monitored by HPLC which showed 70% formation of the product. To the reaction mixture 
40 ml of water was added and the aqueous layer was separated. The pH of the aqueous layer was adjusted 
to 5.2 by adding 8% sodium hydroxide solution. The reaction mixture was cooled to 5°C. stirred for 3-4 hours, 
and the resulting product obtained was filtered, washed with chilled water (20 ml) and dried in vacuum to obtain 
9.5 g (64%) of ceftazidime tert butyl ester. 

MP : 138°-140^C. 
IR(KBr)cm*i : 3400. 1780,1720. 1610. 1530. 
UV(0.1 N H2SO4): >.max = 256 nm 
50 NMR [DfVlSO-dgl, 6(ppm): 1.4(S,9H). 1.55(S.6H), 3.6(AB,2H), 

5.3(d. 1H), 5.6(S,2H). 5.92(d, 1H). 6.98(8. 1H), 
8.1 - 9,1 (5H, pyridtnium) 
Specific Rotation : [a] ^= -3r (C=1% in DMSO) 

55 IV) Preparation of ceftazidime dihydrochloride. - 

Ceftazidime tert butyl ester (lOg, 16.6 mmol) was dissolved in a mixture ol trifluroacetic acid (40 ml) and water 
(40 ml) at 15*C and the resulting solution was stirred for 6 hours at the same temperature followed by addition of 
water (3 ml) and acetone (ISO ml) at 30'*C. The reaction mixture was heated to 45*'C and a mixture of HCI and 
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acetone (40:40) was added to rt over a period of 90 minutes to get a thick precipitate. The reaction mixture was 
cooled to O^'C and stirred for 2 hours. The resulting product was washed with chilled acetone, filtered, dried in 
vacuum to obtain 8.0 g of ceftazidime dihydrochloride. 

MP: 165°-168*»C. 
UV (0.1 N H2SO4): >.max = 256 nm 

IR (KBr) in cm"^ : 3500 - 2900, 1780, 1720 

NMR [DMSO-dg] S(Ppm) : 1 .45(S.6H), 5.26(d, 1 H), 5.84(d, 1 H). 6.92(S, 1 H). 8 - 9. 1 (pyridinium) 

Specific Rotation: (aJ^J = - 14.2'* ( C = 0.95% in pH 6 buffer ) 
Chlorine content = 9.8 - 10% 
Water Content (KF) = 4.5 - 5% 



V) Preparation of ceftazidime pentahydrate. 

IS 

A. Crude Ceftazidime Pentahydrate. 
Ceftazidime dihydrochloride (8g. 12.9 mmol) was dissolved in water (35 ml). The resulting solution was 

cooled to 15'C and agitated for 10 minutes and the pH of the solution was adjusted to 3-3.2 by Amberlite LA- 
2 solution. Further the pH of the resulting solution was readjusted to 4.2 by using Amberlite LA-2 solution and 
agitated for 18 hours at O'C to 5°C. The product obtained was filtered, washed with chilled ethyl acetate (12 
X 2 ml) followed by chilled acetone (12 ml), and dried under vacuum at AQPO to obtain 6.75 g of crude ceftazi- 
dime pentahydrate. 

Specific Rotation : [a] ^= + 24.2**(C= 1% in DMSO) 

B. Purification of crude ceftazidime pentahydrate 
The crude ceftazidime pentahydrate (5g, 9 mmol) was dissolved in water (10 ml) at 10°C. The solution 

was cooled to 5®C and the pH was adjusted to 5.8 to 6 by sodium hydroxide solution to get a clear solution. 
To the clear solution 0.1 g carbon was added and filtered. The carbon bed was washed with water (2X2 ml). 
The filtrate and the washings were combined and the pH of the solution was adjusted to 4.4 at 10*C by using 
85 % formic acid. The solution was seeded, agitated for 2 hours at 10"C. The reaction mass was cooled to 
O'C and further agitated for another 1 5 hours. The pH of the reaction mixture was adjusted to 4.2 by using 
formic acid and further agitated for another 2 hours at 0**C. The resulting product was filtered, washed with 
chilled water (10 ml) followed by chilled acetone (10 ml)and dried in vacuum to obtain 3.8 g of pure ceftazidime 
pentahydrate. 

MP= 135M38*C 
UV (0.1N H2SO4): Xmax = 256.4 nm 

IR (KBr) in cm'i; 3500 - 3000. 1760, 1720. 1540. 1490. 1160. 680. 

NMR [250MHz.DMSO-d6-D2O] 6(ppm) : 7.25(S.2H),6.6(S. 1H), 5.7(d,2H), 5.65(d,1H). 5-2(d.1H), 5.05(d. 

1H) 3.5(d.1H),3.05(d,1H). 1.38(S.6H). 9.3,8.6. 8.15(pyridinium) 

Specific Rotation : [aj ^= +25* (C=1% DMSO) 

Example 16 

. 45 

I. Preparation of (6R, 7R)-3-acetoxymethyl-7-[2-(2-amino-thiazol-4-yl)-(Z)-2-[(l-tertbutoxycarbonyM -methyl- 
ethoxy)imino]acetamido]-3-cephem-4-carboxylic acid. 
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A. Silylation of 7-amino cephalosporanic acid (7-ACA) 

7-ACA(10g. 36 mmol) was taken in dichloromethane (60 ml) and hexamethyldisilazane (5.35g, 33 mmol) 
was added to it. The reaction mixture was refluxed with stirring for 4 hours to get a clear solution. After cooling 
the resulting reacli )n mixture to -40°C, N,N-dimethylaniline (5.25 g, 42 mmol) was added to it and further 
cooled to -60°C. 

B. Preparation of dimethyl formiminium chloride chlorosulfate (DFCCS). 

Sulfuryl chloride (6.4 g, 47 mmol) was taken in dichloromethane (60 ml) and the reaction mixture was 
cooled to -SS'^C. N,N-dimethylformamide (3.5 g. 47 mmol) was added to the reaction mixture slowly in 30 
minutes. The temperature of the reaction mixture was slowly raised to 22°C at which a very viscous oily layer 
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separates out which was stirred for 90 minutes at 22°C. Further an additional 10 ml of dichloromethane was 
added to it and stirred for another 1 5 minutes. The oily layer containing DFCCS was separated out. 

C. Activation of 2-(2-amlnothiazol-4-yl)-(Z)-2-((1-tertbutoxycarbonyl methylethoxy)imino]acetic acid. 
5 2-(2-aminothiazol-4-yl)-(Z)-2-[(1-tertbutoxycarbonyl-1-methylethoxy) iminojacetic acid(12g, 36 mmol) 

was taken in dichloromethane (60 ml) and the resulting reaction mixture was cooled to -24**C. The above oily 
layer of DFCCS was added to it in 30 minutes at -25°C. The temperature of the reaction mixture was raised 
to -10°C and stirred for 90 minutes to get a clear solution. This reaction mixture was cooled to -60**C. 

10 D, Acylation: 

The pre-cooled reactive derivative of step C was added to pre - cooled silylated 7-ACA at -60*0. The 
temperature of the reaction mixture was raised to -50**C to -45*C. The reaction when monitored by HPLC 
showed 90% formation of the product. 

IS E. Hydrolysis: 

To the reaction mass of step D, demineralised water (40 ml) and trimethylamine (25 ml) was added and 
the temperature was raised to 20° C. The resulting reaction mixture was stirred for 30 minutes at the same 
temperature and the pH of the reaction mixture was maintained at 6.8 to 7. The organic and the aqueous 
layers were separated. The aqueous layer was extracted with dichloromethane (20 X 2 ml). The organic layer 

20 was then combined and dichloromethane was removed by vacuum distillation when a sticky mass was ob- 

tained. Water (300 ml) was added to the sticky mass and the pH of the reaction mass was adjusted to 2.8 to 
3.0 by cone. HCL The resulting reaction mixture was cooled to 0°C and stirred for 3 - 4 hours. The product 
obtained was filtered washed with chilled diisopropyl ether(20 ml), dried in vacuum for 2 hours to obtain 16 g 
(75 - 80%) of the title compound having purity of 98%. 

2S MP= 152'»C-160'»C 

IR (KBr) in cm-^ : 3450, 3350, 1760. 1735, 1710 

NMRiDMSO-dg] 6(ppm): 1.38(S. 9H). 1.45(S. 6H), 2.1(S, 3H), 4.6(d, 1H), 5.0(d, 1H). 5,2(d. 1H). 5.8(d. 
^ 1 H), 6.75 (S, 1 H). 7.35(S. 2H), 9.4(d, 1 H). 

30 

II. Preparation of (6R, 7R)-7-[(Z)-2-amino-thiazol-4-yl)-2-I(2-carboxy methylethoxy)imino]acetamido-3-ace- 
toxymethyl-3-cephem-4-carboxylic acid. 

The compound of step 1(5 g) was treated with trifluoroacetic acid (20 ml) and water (2 ml), and agitated for 3 
- 4 hours at 15**C. After 4 hours 95% of the hydrolysed product was obtained as monitored by HPLC. The reaction 
35 mass was added to diisopropyl ether (250 ml) when trifluoroacetic acid salt of the title compound was obtained. 

Diisopropyl ether was decanted and the white solid obtained was dissolved in water (1 0 ml). The pH of the resulting 
solution was adjusted to 7.0 by 12% ammonia solution. The pH was readjusted to 2.8 by 85% formic acid. The 
reaction mixture was cooled to 5*C under stirring and the resulting product was filtered, washed with chilled water 
(1 0 ml) to obtain 3.5 g of the title compound. 



40 



so 



MP = >270*»C 



45 1 % 

I JV \niax(pH 6.0 buffer) : 236 nm (E 250), 

Icm 

A.inf255nni(E. 238), 296nin(E. 103)° 

Iciii Icm 



Specific Rotation : [a] 20= +20^ (C = 1% DMSO) 



111. Preparation of ceftazidime Pentahydrate 

Sodium iodide (7„t£P q, 47 mmol) was dissolved in water (3 ml) at 60**C. To the resulting solution, pyridine 
55 (3.69 g, 45 mmol) was~added followed by the compound of step II (2.9 g, 4 mmol). The reaction mixture was 

agitated for 1 hour at 80° C and 44% of the product was fomned as observed by HPLC. The reaction mixture was 
cooled and diluted with water (25 ml). The pH of the resulting reaction mixture was adjusted to 6 by using 2N 
sodium hydroxide. The aqueous layer was extracted with ethyl acetate (2 X 20 ml). A few drops of methyl isobutyl 
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ketone was added to it. The pH of the solution was further adjusted to 1 by cone. HCI. the separated solid was 
filtered and the pH of the collected filtrate was slowly adjusted to 3.8 to 4 0 by using Amberlit LA-2 in 30 minutes 
and stirred for 1 5 hours at O'^C to S'^C. The product obtained was filtered, washed with small amount of ethyl acetate 
and acetone, and dried under vacuum to obtain 0.23 g of the title compound . 

MP: 135°-138°C 
UV (O.IN H2SO4): >vmax = 256. 4 nm 

IR (KBr) in cm""* : 3500 - 3000, 1760. 1720. 1540, 1490, 1160, 680 

NMR {250MH2.DMSO-d6-D2O] 6(ppm) : 7.25(S.2H).6.6(S. 1H). 5.7(d,2H). 5.65(d,1H). 5.2(d.1H). 5.05(d.1H)3.5 

(d.1H).3.05(d,1H). 1.38(S,6H).9.3,8.6. 8.15(pyridinium) 

Specific Rotation : [a] 20= +25» (C=1% DMSO) 

IS Claims 

1. The compound of formula I 



10 



20 



25 



30 



35 



O O H ^^XJR^ 



wherein 



J*"3 <_s NH3 , . 

^OCHs \d-^-C02-C(CH3^ 

40 CH3 

2. A process for the production of compound of formula I comprising reacting dimethyl formiminium chloride chloro 
sulphate (DFCCS) of formula XV, 



Hi=cH-o-s-a 



55 x^.^-.. 

with 2-(2-aminolhia2oj-4-yl)-(Z)-2-methoxyimino acetic acid or IH-tetrazole-l -acetic acid or 2-(2-aminothiazol- 
4-yI)-(2)-2-[(1 -tertbutoxycarbonyl-1 -methylethoxy)imino]acetic acid in a solvent such as herein described at a tem- 
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perature ranging fronn -30*C to -15°C. preferably at about -20'*C. 



A process as claimed in claim 2 wherein said solvent used is selected from dichloromethane. chloroform, benzene, 
toluene. 

A process as claimed in any one of claims 2 or 3 wherein said DFCCS of formula .XV is N,N-dimethyl formiminium 
chloride chlorosulphate obtained by reacting dimethyl formamide (DMF) with sulfuryl chloride, and said compound 
of formula I is a reactive derivative of formula la, 




OCH3 



obtained by reacting said 2-(2-aminothiazol-4-yl)-(2)-2-methoxyimino acetic acid with said DFCCS of formula XV 
or 

reactive derivative of formula lb, 



lb 

obtained by reacting said 1 H-tetrazoM -acetic acid with said DFCCS of formula XV or 
a reactive derivative of formula Ic 



55 
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O-9.C02-C(CH3)3 



IS 



Ic 



20 



2S 



obtained by reacting said 2-(2-anninothia2ol-4-yl)-(Z)-2-((l-tertbutoxy carbonyl-Vmethylethoxy)imino]acetic acid 
with said DFCCS of formula XV 

5. A process as claimed in claim 4 wherein the molar ratio of said DFCCS(X V) with respect to said 2-(2-aminothiazol- 
4-yl)-(Z)-2-methoxyimino acetic acid/said 1 H-tetrazoM -acetic acid is 1.1 to 1.2 preferably 1.17. 

6. A process as claimed in claim 4 wherein the molar ratio of DFCCS(XV) to said 2-(2-aminothiazol-4-yl)(Z)-2-[(1 -ter- 
tbutoxycartx)nyl-1-methylethoxy)imino] acetic acid (V) is 1.0 to 1.3. 

7. A process for the preparation of cephalosporin antibiotics of formula II. 



30 



35 




40 



45 



wherein R1 = H, carboxylic protecting group 



so 



55 



: = acetoay 



NH3 



R3 = 



A 

II 

N 



a 



(ce fiotaxime) 



\ 



0CH3 
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^OH. R3 = 



A 



Cl 



^ ^ (Ceflziaaone) 

— <C-I 



It 
N 



OCH3 



20 



which comprises reacting sllylated 7-amino cephalosporanic acid derivatives of formula XVI 



C02R1 



2S 



XVI 



in which Rl . R2 is as defined in said formula II; R4 = silyl group or hydrogen; with a reactive derivative of formula 
la in a soh/enl such as herein described at temperature ranging from -7QPO to -30**C, preferably at about -70*C to 
30 -65*C 

8. A process for the preparation of cephalosporin antibiotics of formula II 



35 



40 



45 



SO 
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O H 
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wherein Rl = H, carboxylic prolecling group 



lie 



N — N M N 



which comprises reacting silylated 7-amino cephalosporanic acid derivatives of formula XVl, 
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XVI 



in which R1 . R2 is as defined in said formula II; R4 = silyl group or hydrogen; with a reactive derivative of formula 
lb in a solvent such as herein described at temperature ranging from -70°C to -30OC. preferably at about -70-0 to 



-65'C 

9. A process for the preparation of ceftazidime of formula lid 



H2N 

A 
\=> 

C^ONH -J-f\ ^ 

N CH3 o<^^^^/o^2-N^ ^ 

\o-{i-CO0H COO^ 



35 nd 

which comprises: 



a. silylating 7-amino-3-(1-pyridiniummethyl)-3-cephem-4-carboxylic acid of formula VII, 



H \^ 



vn 



with a silylating agent in the presence of an acid scavenging agent at a temperature ranging from 18»C to 
25'C to provide silylated 7-amino-3-(l -pyridiniummethyl)-3--qr. m-4-carboxylic acid of formula XVId 
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35 




XVH 



b. activating 2-(2-aminothiazol-4-yl)-(Z)-2-((1 -tertbutoxycarbonyl-1 -methylethoxy)imino]acetic acid(V) 



A 



-C02H 

CH3 

\0^(j;-C(>^(CH3)3 

CH3 



V 



with N.N-dimethylformiminium chloride chlorosulfate(DFCCS) XV 




XV 



in dichloromethane at a temperature ranging fronri -20'*C to -25*0 to provide reactive derivative of formula Ic; 

c) acylating the sllylated 7-amino-3-(1 -pyridiniummethyl)-3-cephem-4-carboxylic acid (XVId) of step (a) with 
the reactive derivative of formula IC of step (b) al a lemperalure ranging from -70 C to -60 C to obtain ceftazi- 
dime tertbutyl ester (XII), 
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N CH3 COC^ 
^0-{>C00C(CH3)3 - 

CH3 

XII 

wtiich is converted to ceftazidinne pentahydrate lid via ceftazidime dihydrochloride. 

20 10. A process as claimed in claim 9 wherein the silylated 7-amino-3-(1 -pyridiniummethyl)-3<:ephem-4-carboxylic acid 
(XVId) is reacted with said reactive derivative of formula IC in the presence of an acid scavenging agent. 

11. A process as claimed in anyone of claims 9 or 10 wherein the said acid scavenging agent in selected from N,N- 
dimethylaniline, diethylamine, pyridine preferably N,N-dimethylaniline. 

2S 

1 2. A process as claimed in anyone of claims 9 to 1 1 wherein the silylating agent is selected from N.O-bis(trimethy Isilyl) 
acetamide. hexamethyldisilazane, trimethyl chlorosilane preferably N.O-bis(trimethylsilyl)acetamide. 

1 3. A process as claimed in anyone of claims 9 to 1 2 wherein the molar ratio of DFCCS (XV) to (Z)-2-(2-aminothiazol- 
30 4-yl)-2-[(1 -tertbutoxycarbonyl-1 -methylethoxy)imino]acetic acid (V) is 1 0 to 1 .3. 

14. A process as claimed in anyone of claims 7 to 13 wherein the molar ratio of said reactive derivative of formula lA 
or IB or IC with respect to said silylated 7-ACA is 1 .1 to 2 preferably 1.2. 

35 1 5. A process for the preparation of DFCCS of formula XV comprising reacting dimethyl formamide (DMF) with suit uryl 

chloride. 

16. A process as claimed in claim 15 wherein said DFCCS of formula XV is prepared by reacting equimolar amount 
of sulfuryl chloride and dimethyl formamide. 



17. A process as claimed in claims 1 5 or 1 6 wherein said N-N-dimethylformiminium chloride chlorosulphate (DFCCS) 
of formula XV used is obtained by reacting said N,N-dimethylformamide (DMF) and said sulfuryl chloride. in the 
presence of 0.5 to 0.7 volume of dichloromethane as the solvent. 



so 
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